Approximately 40 g feed is extracted with 200 mL acetonitrile-water (80 + 20, v/v). An aliquot of the extract is filtered and assayed using a reversed-phase isocratic method that measures the 4,4¢-dinitrocarbanilide moiety of nicarbazin at a wavelength of 340 nm. For medicated feeds, the method uses a standard linear range of 5 to 100 mg/mL. For lower levels, a linear range of 50 to 150 ng/mL can be used. The method has a limit of detection of 250 ng/g and a limit of quantitation of 500 ng/g in a 40 g feed sample. Recovery was 99.1%, with a range of 95.2 to 101.8%. In the typical U.S. dosing range of 27 to 113.5 g/ton, the precision of the method based on one analyst, one day, and 2 weighings ranged from 2.8% (113.5 g/ton) to 4.7% (27 g/ton). N icarbazin, either alone or in combination with other drugs, is used as a feed additive to aid in the prevention of cecal and intestinal coccidiosis in poultry flocks (1, 2). Nicarbazin is a 1:1 molar mixture (70.89:29.11) of 4,4′-dinitrocarbanilide (DNC) and 4,6-dimethyl-2-pyrimidinol (HDP). Feeds and premixes can be analyzed for nicarbazin by determining either the DNC or the HDP portion of the complex.
N icarbazin, either alone or in combination with other drugs, is used as a feed additive to aid in the prevention of cecal and intestinal coccidiosis in poultry flocks (1, 2) . Nicarbazin is a 1:1 molar mixture (70.89:29.11) of 4,4′-dinitrocarbanilide (DNC) and 4,6-dimethyl-2-pyrimidinol (HDP). Feeds and premixes can be analyzed for nicarbazin by determining either the DNC or the HDP portion of the complex.
A previously published method (3) used dimethylformamide (DMF) and heat to extract the DNC from feed. By accounting for the 1:1 molar ratio, the concentration of DNC in the feed sample is converted into the total amount of nicarbazin in the feed. Concerns have been raised, especially in Europe, about the use of environmentally unfriendly solvents such as DMF, and there have been requests to replace the DMF with a safer solvent. In addition, there is a growing concern in Europe about the potential residues of nicarbazin, especially in eggs, which may be due to very low concentrations of nicarbazin in feeds. Therefore, a lower limit of quantitation (LOQ) in feed was also requested for this method.
A method was developed to include a safer solvent and to lower the limit of quantitation for the determination of nicarbazin in feeds. Validation of this newer method included testing specificity, linearity, robustness, accuracy/recovery, standard and sample solution stability, and degradation parameters. A comparison of extraction capabilities of DMF versus CH 3 CN-H 2 O (80 + 20, v/v) on various feed matrixes (U.S. and European) and feed forms (pellet and mash) were examined in the precision/ruggedness portion of the validation.
This method addresses the concerns about environmentally unfriendly solvents, provides a lower limit of quantitation and determination, and provides a validation package acceptable by today's standards for the analysis of nicarbazin in feeds. 250 × 4.6 mm, 5 µm particle size (Alltech Associates, Deerfield, IL); Supelco LC18, 250 × 4.6 mm, 5 µm particle size (Supelco, Bellafonte, PA); Beckman Ultrasphere ODS 250 × 4.6 mm, 5 µm particle size (Beckman Instruments, Inc., Fullerton, CA); and Waters Spherisorb S-5, ODS2, 250 × 4.6 mm, 5 µm particle size (Waters Corporation, Milford, MA).
METHOD

Reagents
Materials and Equipment
( 
Feed Sample Preparation
Finely mill and thoroughly mix all feed samples before assay. Grind feed samples in a grinding mill equipped with a 2-3 mm screen. After grinding, thoroughly mix the feed sample for ca 10 min using some type of mechanical mixer.
Sample Preparation
Accurately weigh ca 40 g of previously ground and mixed sample into a 1 pint (500 mL) or other suitable container. Add 200 mL CH 3 CN-H 2 O (80 + 20, v/v), cap, and mix thoroughly 2 h using mechanical means (e.g., gyratory shaker, or equivalent). For convenience, samples can be extracted overnight. 
Results and Discussion
A chromatogram for the nicarbazin reference standard is presented in Figure 1 . A chromatogram for a typical medicated feed sample is presented in Figure 2 .
Linearity of Standard and Method Validity
As part of the method validation, the linear response of both the reference standard and fortified samples was tested over a range of 10 ng/mL to 100 µg/mL. ration containing approximately 51% yellow corn, 35% soybean, 7% fat, and the remainder primarily vitamins and minerals (hereinafter, Ration A); a European high soybean, low wheat broiler starter ration containing approximately 35% wheat, 30% corn, 20% soybean, 5% fat, and the remainder primarily vitamins and minerals (Ration B); and a European low soybean, high wheat broiler finisher feed matrix containing approximately 52% wheat, 23% corn, 9.5% soybean, 4% fat, and the remainder primarily vitamins and minerals (Ration C). Blank matrixes for each feed were fortified with nicarbazin standard to concentration levels matching those of the standard curve. The 3 matrixes were tested on 3 separate occasions; therefore, the linearity of standards was run 3 times. In each case, the standard curve was run at the beginning and end of the chromatographic run, with the method validity samples in the middle. Both the standards at the beginning and end of the run were used to generate the standard calibration curve. Duplicate weighings of the samples were performed at each concentration. Method validity was tested by evaluating the similarity in dose response of fortified samples when calculated against a calibration curve generated from the standards. The magnitude of deviation in the interpolated result for the fortified sample from the nominal concentration was used to evaluate the similarity of dose response. Likewise, the dose response for each of the reference standards was calculated against the calibration curve. The magnitude of deviation in the interpolated results from the nominal concentration was used to determine which assay range could be used to achieve the best goodness of fit for the data. Results were based only on a straight line (unweighted fit) calibration curve. Other mathematical models were tested to evaluate goodness of fit; however, that information is not presented in this publication. Data can be found in Tables 1 and 2 . A graphical representation of the data in terms of % of nominal versus nominal nicarbazin concentration is presented in Figures 3 and 4 .
The correlation coefficient for the standard calibration curve was not used to evaluate the goodness of fit. For each standard calibration curve generated, the correlation coefficient was greater than 0.99990 even for those calibration curves where large deviations from the percent of nominal concentration were observed. Nicarbazin at the 10 and 20 ng/mL range cannot be effectively distinguished from system noise in either standard material or feed matrix (Tables 1 and 2 ). The standard linearity and method validity data were re-evaluated after removing the 10 and 20 ng/mL levels. Data indicated that a straight line could not be used to fit the data over the entire 50 ng/mL to 100 µg/mL range. Method validity data for all 3 matrixes indicated that a straight line for the standard curve was insufficient for quantitating concentrations at levels below 500 ng/g in feed matrixes.
Given that a straight line is preferred, a separate standard curve for the quantitation of feed samples containing nicarbazin at concentrations around 500 ng/g was evaluated.
Standard linearity and method validity were evaluated over a range of 50-500 ng/mL. Data presented in Table 3 and Figure 5 indicate that the straight line provides a goodness of fit for the standard calibration curve over the 50-500 ng/mL range. Method validity data (Table 4 and Figure 6 ) indicate that the feed matrixes do not consistently respond in the same manner as the standards over the 50-500 ng/mL range; therefore, the method is not valid (with a straight-line calibration curve) for quantitating concentrations at levels below 500 ng/g in feed matrixes. The method's limit of quantitation is set at 100 ng/mL in the standard, which equates to 500 ng/g in a 40 g feed sample. A limit of detection (LOD) for the method was set at 50 ng/mL for a standard, or 250 ng/g in a 40 g feed sample. If detection is required at 100 ng/g in feeds, concentration of an aliquot of the feed extract and/or addi- tional cleanup and concentration of the feed extract will be required to achieve that detection limit. Next, standard linearity and method validity were evaluated over ranges of 1 to 100 µg/mL and 5 to 100 µg/mL to determine a standard curve range suitable for quantitating feed samples medicated in their normal dosage range. Data summarized in Table 5 indicate that a straight line does not provide an adequate goodness of fit for the standard calibration curve at the 1 µg/mL concentration. However, the straight line provides an adequate goodness of fit to the calibration curve over a range of 5 to 100 µg/mL (Table 5 and Figure 7) . Feed matrix results in Table 6 and Figure 8 demonstrate the method's validity over the 5 to 100 µg/mL range, when using a straight-line calibration curve.
Specificity (Interference Testing)
The following compounds were tested for potential interference with the nicarbazin assay: apramycin, avilamycin, avoparcin, bacitracin methylene disalicylate, bacitracin zinc, bambermycins, clositin, doxycycline, hygromycin B, laidlomycin, lincomycin, monensin, narasin, neomycin sulfate, oxytetracycline, penicillin G, procaine penicillin, ractopamine, robenidine HCl, roxarsone, salinomycin, sulfamethazine, tilmicosin, tylosin, and virginiamycin. None of the above-mentioned compounds caused an interference with the nicarbazin assay; however, oxytetracycline, roxarsone, and sulfamethazine could be detected under these chromatographic conditions. In addition to the aforementioned drugs, vitamins A, D, and E were also tested. No interference was detected.
Precision and Ruggedness
Precision/ruggedness data for this method was obtained from a study used to answer various questions for our European customers. This study looked at the extraction capabilities of CH 3 CN-H 2 O (80 + 20, v/v) versus DMF; a U.S. feed matrix (Ration A) versus 2 European feed matrixes (Rations B and C); and pellet versus mash. Day-to-day, weighing-to-weighing, and analyst-to-analyst sources of variability were also evaluated.
For each matrix, feed was prepared at 5 nicarbazin concentration levels: 0 (control), 13.5, 27, 113.5, and 170.25 g/ton. After formulation to the specified levels, approximately one-half of the batch was pelleted. The other half remained in its original meal form. In addition, an aliquot of the nonmedicated control feed was split in half, with one half remaining in the original meal form and the other half pelleted. Two analysts assayed feed over a period of 10 days. It was not feasible for each analyst to assay each feed matrix/concentration/form with each extraction on each day, and greatest interest was in comparing feed forms (pellet/mash) and extractions (DMF/proposed). Thus, each day each analyst assayed 2 weighings of each of the 4 possible feed form/extraction combinations. To determine which matrix/concentrations would be assayed each day, an incomplete block design (treating day as the blocking factor) was used for feed matrix/concentration combination that assigned, for a given day, 4 combinations to one analyst and 5 to the other. A summary of the data is presented in Table 7 . Estimated variance components are presented in Table 8 .
Statistical analysis of the data found that, for all feed matrixes, the CH 3 CN-H 2 O (80 + 20, v/v) extractant yielded higher results (p < 0.05) than those obtained with the DMF extractant at all nicarbazin levels, except for the 13.5 g/ton level. At the 13.5 g/ton level, the CH 3 CN-H 2 O (80 + 20, v/v) extractant had a tendency (p < 0.1) to yield higher assay results than those provided by the DMF extractant. Refer to Table 7 .
At the 2 higher levels (113.5 and 170.25 g/ton), higher assay results on average were obtained from the mash form as compared with the pelleted form (p < 0.001); however, this average pellet versus mash difference was significantly smaller for the CH 3 CN-H 2 O (80 + 20, v/v) extraction than the DMF extraction (p < 0.02). The same tendency was noted at the 27 g/ton level (p < 0.1). This tendency was not observed at the 13.5 g/ton level.
Because the study used only one batch per feed matrix, drawing statistical conclusions on the ability to extract the nicarbazin from the different feed matrixes was difficult. When viewing the different concentrations made of each feed matrix as the only replication of the different feed matrixes, there was no evidence (p ≥ 0.137) of an overall difference in assay results among the different feed matrixes. There was no conclusive evidence of a difference in results for the different extractants or feed forms across the different feed matrixes.
Precision of the method based on one analyst, one day, and 2 weighings ranged from 2.8% (113.5 g/ton) to 4.7% (27 g/ton). When using one or 2 weighings, round values less than 75 g/ton to the nearest 0.1, otherwise round to the near-KRABEL ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 83, NO. 5, 2000 1035 Summary of the comparative study of CH3CN-H2O (80 + 20, v/v) [4, 5] .) Note that the RSD associated with multiple weighings from a run will most likely be greater than the estimated RSD of the average of those weighings.
Recovery
Recovery studies were conducted on the same 3 matrixes used in the precision study. The pelleted form of each of the 3 matrixes was used for the recovery studies.
In the United States, nicarbazin is used in the range 27.0-113.5 g/ton. Recoveries were tested over a range of 13.5 g/ton (14.9 µg/g; targeted recovery level, 15 µg/g) to 170.25 g/ton (187.7 µg/g; targeted recovery level, 190 µg/g). Six weighings were used for each level; one weighing remained unfortified to serve as a baseline, the other 5 were fortified at the appropriate level with nicarbazin reference standard. One analyst conducted all recoveries. Results are shown in Table 9 .
The same recoveries were performed with the DMF extraction. Results are shown in Table 10 . A summary of the recoveries for both extractants is presented in Table 11 . The overall recovery for the CH 3 CN-H 2 O (80 + 20, v/v) extraction was 99.1%, with a range of 95.2 to 101.8%. For the DMF extraction, the overall recovery was 99.7%, with a range of 97.5 to 102.2%.
Recovery was also tested at the LOQ level of 500 ng/g in feed. Recovery was tested in the same 3 feed matrixes (pelleted form) used to test recovery in the range of usage, plus in materials commonly used to flush/clean a feed mill between medicated feed preparations: coarse corn meal, corn cob grits, and rice hulls. As with the higher level recovery studies, all recoveries were done by one analyst.
Matrix effects from both the corn cob grits and rice hulls were too great to allow for detection/quantitation of nicarbazin at the low level. If detection/quantitation should be required in these 2 matrixes, additional cleanup work will be required, prior to LC analysis. Recovery results for the 3 feed matrixes plus the coarse corn meal are shown in Table 12 .
Recovery for the coarse corn meal and Rations B and C ranged from 98.9 to 100.0% at the 500 ng/g level. Recovery for Ration A averaged 77.5%. The meal form (prior to pelletization) of this matrix was then tested both with the normal 2 h extraction and overnight extraction. Results are shown in Table 13 . The pelleted form of this ration was then tested with an overnight extraction. Recoveries for the pelleted form of the Ration A were even lower with the overnight extraction (62.9% versus 77.5%). Reasons for the lower recovery in Ration A and particularly in the pelleted form are unknown. Because quantitation at this level is not normally requested in the KRABEL ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 83, NO. 5, 2000 1037 Summary of recoveries of nicarbazin from various feed matrixes using CH3CN-H2O (80 + 20, v/ United States, no additional work for improving the recovery in the Ration A (U.S. broiler starter feed) was done.
Conclusions
Validation data demonstrate that the proposed LC method for nicarbazin in feed is reliable and reproducible. Method linearity was tested from 10 ng/mL to 100 µg/mL. Linearity was set from 5 to 100 µg/mL and 50 to 500 ng/mL for residue levels. Method LOD was set at 250 ng/g in feed. Method LOQ was set at 500 ng/g in feed.
The CH 3 CN-H 2 O (80 + 20, v/v) extractant yielded higher results (p < 0.05) than those obtained with the DMF extractant at all concentration levels, except for the 13.5 g/ton level. At the 13.5 g/ton level, the CH 3 CN-H 2 O (80 + 20, v/v) extractant had a tendency (p < 0.1) to yield higher results than those provided by the DMF extractant.
At the 2 higher levels (113.5 and 170.25 g/ton) higher assay results on average were obtained from the mash form as compared with the pelleted form (p < 0.001); however, this average difference was significantly less for the CH 3 CN-H 2 O (80 + 20, v/v) extraction than the DMF extraction (p < 0.02).
The same tendency was noted at the 27 g/ton level, but to a lesser degree (p < 0.1). This tendency was not observed at the 13.5 g/ton level.
There was no conclusive evidence of a difference in results for the different extractants or feed forms across the different feed matrixes.
Recovery was 99.1%, with a range of 95.2 to 101.8%. Standard stability was set at 24 h under either ambient or refrigerated storage. Sample stability was set at 48 h under ambient storage.
